Relationship between biofilm formation and antimicrobial resistance in Gram-negative bacteria
Gram-negative microorganisms are a significant cause of infection in both community and nosocomial settings. The increase, emergence and spread of antimicrobial resistance among bacteria is one of the most important health problems worldwide. One of the mechanisms of resistance used by bacteria is biofilm formation which is also a mechanism of virulence. This study analyzed the possible relationship between antimicrobial resistance and biofilm formation among isolates of three Gram-negative bacteria species. Several relationships were found between the ability to form biofilm and antimicrobial resistance, being different for each species. Indeed, gentamicin and ceftazidime resistance was related to biofilm formation in Escherichia coli, piperacillin/tazobactam and colistin in Klebsiella pneumoniae, and ciprofloxacin in Pseudomonas aeruginosa. However, no relationship was observed between global resistance or multidrug-resistance and biofilm formation. In addition, compared to other reported data, the isolates in the present study showed higher rates of antimicrobial resistance. In conclusion, the acquisition of specific antimicrobial resistance can compromise or enhance biofilm formation in several species of Gram-negative bacteria. However, multidrug-resistant isolates do not show a trend to being greater biofilm producers than non- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 avoid evaporation, all plates were covered with adhesive foil lids.
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The biofilm formation assay for P. aeruginosa was performed using the Calgary classified into the following categories using an adaptation of a previous study 17 ):
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The isolates were categorised in quartiles according OD value using Graphpad Prism 5.
116
The quartile below 25% percentile were classed as non-adherent 
RESULTS

130
Approximately 40% of all the isolates studied were resistant to ciprofloxacin. In 131 addition, 50% of the E. coli isolates were resistant to cotrimoxazol, 36% of K.
132
pneumoniae were resistant to ceftazidime, and about 30% of the P. aeruginosa isolates 133 were resistant to imipenem, meropenem, azthreonam and fosfomycin (Figure 1 ).
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According to the number of antibiotic families to which the isolates were resistant, they The percentage of isolates resistant to the different antibiotics studied was higher in
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comparison with other studies (Table 3) .
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